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(54) SOFT MAGNETIC THIN FILM 

(57)Abstract: 

PURPOSE: To obtain a soft magnetic thin film which is 
high in saturation magnetic flux density and displays 
enough soft magnetic properties even after it is 
thermally treated at a high temperature by a method 
wherein the magnetic thin film concerned is formed of 
material which is represented by a composition formula, 
(FeaMb)100-xOx, in a prescribed range of composition 
and set smaller in average crystal grain diameter than a 
specific value. 

CONSTITUTION: A soft magnetic thin film is formed of 
material which is represented by a composition formula, 
(FeaMb)100-xOx, where the range of composition is so 
set as to satisfy formulas, 70<a<100, 0.1£b£300 and 
a+b=10O, and set to 600&angst; or below in average 
crystal grain diameter. Here, M is at least an element 
selected from Si, Al, Ti, Ta, Nb, Ga ( V, W. and Y, and a, b, 
and x denote the rates (atom%) of elements respectively. 
For instance, in a soft magnetic thin film whose 
composition is represented by a formula, (Fe95AI5)100- 

xOx, (Fe90AI10)100-xOx, and (Fe85AI15)100-xOx, where x is so set to satisfy a relation, 0<x< 
30, the thin film is made to change in average crystal grain diameter by changing it in oxygen 
content The change of the film concerned in coercive force He with the change in average 
crystal grain diameter is shown by the graph, where the coercive force He is minimal at oxygen 
content of 1 5-2atom%. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

SLa\ Application] This invention relates to an improvement of the soft magnetic 
bharacteristS of the soft magnetism thin film which uses especially Fe as a pnncipal component 
about the soft magnetism thin film used for a magnetic-head ingredient etc. 

[Description of the Prior Art] High saturation-magnetic-flux^ensity-ization is demanded of the 
head ingredient of the magnetic head used for record playback as high ~erc|ve for^-ization of a 

magnetic-recording medium progresses. Since the soft magnetism thin film (Fe base soft 

magnetism thin film) which uses Fe as a principal component is the ingredient developed from 
such a background and it is the ingredient which has high saturation magnetic flux density by 
leaps and bounds compared with the ferrite currently conventionally used abundantly as a head 
ingredient, research as a magnetic-head ingredient for high definition VTR is advanced. 

[Problem(s) to be Solved by the Invention] By the way, it is said that crystalline substance soft 
magnetic materials are generally excellent in thermal stability compared with amorphous soft 
magnetic materials, and the above-mentioned Fe base soft magnetism thin film is not an 
exception either. However, in order to acquire the dependability which was excellent in the case 
of the bulk mold magnetic head, for example, although it is required on the occasion of the 
manufacture that the soft magnetic characteristics which an about 550-degree C glass fusing 
process is required for, and were excellent also after heat-treating in such an elevated 
temperature should be demonstrated, when it sees from this viewpoint, the thermal stability of 
said Fe base soft magnetism thin film cannot necessarily be said to be sufficient thing. 
[0004] Then, this invention has high saturation magnetic flux density, and aims at offering the soft 
magnetism thin film which moreover demonstrates soft magnetic characteristics sufficient also 
after heat-treating in an elevated temperature. Furthermore, this invention is excellent in thermal 
stability, and aims at offering the soft magnetism thin film [ the glass welding in an elevated 
temperature is possible and ] which can realize the highly reliable magnetic head. 
[0005] 

[Means for Solving the Problem] As a result of repeating examination wholeheartedly with what 
does not attain the above-mentioned purpose, this invention person etc. is introducing oxygen, in 
case Fe base soft magnetism thin film's is formed, and making detailed crystal grain of formed Fe 
base soft magnetism thin film, and came to acquire knowledge that soft magnetic characteristics 
sufficient also after heat-treating in an elevated temperature are discovered in the presentation 
which shows high saturation magnetic flux density. 

[0006] this invention is completed based on such knowledge - having - 100(Fea Mb)-x Ox [ - 
however, at least one sort as which M was chosen from Si, aluminum, Ti, Ta, Nb, Ga, V, W, and 
Y - expressing - a, b, and x - each element - comparatively (atomic %) - expressing . ] It is 
expressed with the becoming empirical formula, and while the presentation range is 70 <=a<= 
1000 <=b<=300 <=x <=30 a+b=100, it is characterized by the diameter of average crystal grain 
being 600A or less. 

[0007] Here, the soft magnetism thin film used as the base may consist of only Fe(s), and may 
add at least one sort chosen as Fe from Si, aluminum, Ti, Ta, Nb, Ga, V, W, and Y. In the case of 
the latter, when it is set up from a viewpoint of magnetic properties and the rate of these alloying 
elements exceeds 30 atom %, it is difficult for the addition of each element to make saturation 
magnetic flux density and permeability into a high value. On the other hand, if oxygen (x) was 
decided from a viewpoint of soft magnetic characteristics and this rate increases too much not 
much, it will become difficult to maintain low coercive force and high permeability (if 30 atom % is 
exceeded). 

[0008] Moreover, although membranes are formed by technique, such as sputtering, and vacuum 
deposition, ion plating, it is necessary to make membrane formation conditions proper, and the 
soft magnetism thin film of this invention needs to make the diameter of average crystal grain of 
the soft magnetism thin film obtained 600A or less while introducing oxygen into the film. When 
the soft magnetic characteristics of the soft magnetism thin film obtained are influenced greatly 
and the diameter of average crystal grain exceeds 600A, it is difficult for this diameter of average 



crystal grain to attain low coercive force-ization. What is necessary is just to use an oxide for a 
target as the technique of introducing oxygen at the time of membrane formation that what is 
necessary is just to introduce oxygen gas into a membrane formation ambient atmosphere, for 
example. 

fFunctionl In case Fe base soft magnetism thin film is formed, by introducing oxygen, making 
crystal grain detailed and making the diameter of average crystal grain into 600A or less soft 
magnetic characteristics are improved sharply, and also after heat-treating in an elevated 
temperature, coercive force becomes a thing small enough. And high saturation magnetic flux 
density is maintained. 

[Example] Hereafter, the concrete example which applied this invention is explained to a detail 
based on an experimental result. . 
[001 1] The example of the one example experiment of an experiment introduces oxygen into the 
FeAl alloy film which is one of the Fe base soft magnetism thin films, and investigates the effect 
on soft magnetic characteristics. First, DC spatter which used the Fe-aluminum alloy target 
(diameter of 100mm) performed membrane formation of a soft magnetism thin film. Installation of 
oxygen was performed by introducing the mixed gas of Ar and oxygen (02) into a spatter ambient 
atmosphere. The spatter conditions at the time of membrane formation are as follows. 
Introductory gas : Ar+02+N2 Sputtering gas ** : 0.27Pa injection power : 300W thickness : 3 
micrometers [0012] According to the above spatter conditions, the amount of installation of 
oxygen was changed, various soft magnetism thin films were formed, and coercive force He 
(value after degrees C [ 550 ] and annealing of 1 hour) was measured. In addition, said coercive 
force He was measured with the B-H loop-formation marker. Moreover, although measured with 
the oscillating sample mold magnetometer (VSM) also about saturation magnetic flux density Bs, 
all were about 17 kG(s). 

[0013] drawing 1 - 100(Fe95aluminum5)-x Ox, 100(Fe90aluminum10)-x Ox, and 100 
(Fe85aluminum15)-x Ox (all are 0<=x<=30) - in the soft magnetism thin film which has a 
presentation, signs that the diameter of average crystal grain changes and coercive force He 
changes in connection with this are illustrated by changing the amount of oxygen. Coercive force 
He is declining as an oxygen content increases, and it shows the minimal value especially at the 
time of 15-20 atom%. 

[0014] Oxygen was introduced into the example 2 of an experiment, next the FeNb alloy film, and 
the effect on soft magnetic characteristics was investigated. Membrane formation conditions are 
the same as that of the example 1 of an experiment, and changed only the target presentation. 
Moreover, the sample measured here is two kinds, 100(Fe90Nb10)-x Ox and 100(Fe85Nb15)-x 
Ox (all are 0<=x<=30). 

[0015] The oxygen content and coercive force He (value after degrees C [ 550 ] and annealing of 
1 hour) in the film are shown in drawing 2 . Also in a FeNb alloy, it turns out like the case of a FeAl 
alloy that oxygen is drawing good soft magnetic characteristics. The system to which such a 
phenomenon added Si, Ti, Ta, Ga, V, W, and Y to Fe was also checked. 
[0016] In the example of the three example experiment of an experiment, the diameter of average 
crystal grain and coercive force He (value after degrees C [ 550 ] and annealing of 1 hour) were 
measured about the typical sample. A result is carried to Table 1. Although these samples were 
produced by each changing a target presentation and the amount of installation of oxygen 
according to previous spatter conditions, about the sample 6, sputtering gas ** was made high 
and they formed membranes. In addition, it asked for said diameter of average crystal grain by the 
formula of Scherrer from the main full width at half maximum based on the X diffraction pattern. 
This value was mostly in agreement with the value calculated from observation of the film by the 
transmission electron microscope. 
[0017] 
Table 1] 



[0018] The samples 1-3 (equivalent to an example) which introduced the oxygen of optimum dose 
and made the diameter of average crystal grain the small thing had the very small coercive force 
He after heat treatment, and demonstrated good soft magnetic characteristics so that clearly also 
from this table. On the other hand, the samples 4 and 5 (equivalent to the example of a 



comparison) from which oxygen is not introduced but the diameter of average ^j^tel gra.n serves 
as a big value showed the value with the as big coercive force He after heat treatment a s 2a 
Similarly, even if it introduces oxygen, since the conditions are unsuitable, also about the ^sample 
6 from which the diameter of average crystal grain serves as a b.g value, coercive force He serves 
as a high value, and degradation of soft magnetic characteristics is seen. 

[Effect of the Invention] Since oxygen was introduced into Fe base soft magnetism thin film and 
crystal grain is made detailed in this invention so that clearly also from the above explanation 
coercive force is remarkably improvable, the coercive force after heat treatment in an elevated 
temperature is small, and it is possible to offer the soft magnetism thin film which moreover has 
high saturation magnetic flux density. Therefore, it is possible to realize the magnetic head which 
the reliable glass fusing process of can become possible, can respond to a high coercive force 
magnetic-recording medium, and moreover has high-reliability. 
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